A morphological comparison of two populations assigned to Orestias agassii from the Chilean Altiplano with the syntypes from Peru and Bolivia was performed. The results suggest that populations of Chile do not match the form of Peru (Titicacalake), nevertheless the Isluga population could be related to O. agassii of Bolivia.
The fi sh diversity in the high Andes, is represented by only three native fi sh genera, the catfi shes Astroblepus and Trichomycterus and the killifi sh Orestias (Vila et al 2007) . The latter include 45 endemic species to the Altiplano (Eschmeyer & Fong 2013) , distributed in different aquatics systems, from Lake Lacsha in the center of Peru (9°S) to the Ascotán salt pan in northern Chile (22°S) (Lauzanne 1982; Vila 2006; Vila et al. 2011) .
Orestias agassii Valenciennes 1846 is the species of the genus with the widest distribution in the Altiplano; it ranges from the Urubamba and Titicaca watersheds in Peru to the Uyuni salt pan in southern Bolivia and northern Chile (Arratia 1982 , Parenti 1984 , De la Barra et al. 2009 ). This species was fi rst described by Valenciennes (1846) , who characterized the morphology ( Fig. 1a ) and indicated the potential range of distribution in the Province of Corocoro, Bolivia (17°10´S; 68°27´W) and two lakes near Cuzco in Peru (Chincheros and Antonio). Also these authors generated a nomenclature conundrum because their use of three different binomials for O. agassii (O. agassizii, O. agassii and O. agassisii) . Parenti (1984) made the fi rst revision of the spellings used by Valenciennes (1846), establishing that O. agassii was the valid name (Cruz-Jofré et al. 2013 ).
In 1895 Garman indicated that this species was abundant in Titicaca lake (15°46´S; 65°22´W). Thus the taxon Orestias agassii was originally ascribed to the Titicaca lake watershed; later studies added new localities in the Bolivian Altiplano (Parenti 1984) .
The earliest references to O. agassii for Chile were made by Pellegrin (1904 Pellegrin ( ,1906 , and then by Eigenmann (1927) . These authors indicated that this species was present in the Ascotán salt pan (21°29´S, 68°15´W), and that it was also found in the Loa river watershed and Calama. Later, Eigenmann & Allen (1942) clarifi ed the distribution in this area (Loa river), that corresponded to a typographical error ( Figure 3 Page 5, see Eigenmann 1927) . Mann (1954) affi rmed that O. agassii is found across the Chilean Altiplano, in the Regions of Tarapacá, Antofagasta and Atacama, including a photograph of one individual of O. agassii, but did not indicate its provenance or defi ne the localities in which this species would be found. Arratia (1982) suggested that the population of the Ascotán salt pan was a different species. Parenti (1984) described this species as O. ascotanensis, which has been validated using traditional morphological (Martínez et al. 1999) , chromosome evidence (Vila et al. 2010 ) and recently molecular phylogenetic analysis ). Arratia (1982) also reviewed the populations of this genus in northern Chile (Parinacota Province 18°11´S; 69°20´W), described two new species (O. parinacotensis and O. laucaensis) and discard the presence of O. agassii at this latitude. Recently, Vila et al. (2013) in a molecular systematic study considered that three Chilean populations belong to O. agassii. The populations are those present in Isluga river (19°15´S; 68°42´W), Huasco salt pan (20°15'S; 68°52'W) and Collacagua river (20°08´S; 68°50´W). These authors suggest the existence of three independent lineages (species) that are currently classifi ed as O. agassii, this implies that some of the populations present in Chile do not belong to this species.
The objective of this study is to clarify the presence of O. agassii in the Chilean Altiplano, based on the studies of Mann (1954) , Arratia (1982) and the proposal of Vila et al. (2013) , comparing the Chilean populations and the syntypes of the species from Peru (Parenti 1984) and Bolivia (Esquer-Garrigos et al. 2013). (3) base of isthmus; (4) beginning of gill cover or operculum; (5) and (6) insertion of pectoral fi n; (7) and (8) beginning and end of anal fi n; (9) and (10) insertion of caudal fi n; (11) and (12) beginning and end of dorsal fi n; (13) beginning of pre-maxilla; (14) sub-mandibular union; (15) dorsum of head. C: Photograph published by Mann (1954) . D: Individual of Isluga river. E: Individual of Huasco salt pan. F: Individual of Puno bay (Titicaca Lake); photograph extracted from Parenti (1984) .
FIGURA 1. A: Lámina extraída de Valenciennes (1846) B: Landmarks (puntos negros) utilizados: (1) inicio de mandíbula; (2) centro del ojo; (3) base del istmo; (4) inicio del opérculo; (5) y (6) inserción de la aleta pectoral; (7) y (8) inicio y término de la aleta anal, (9) y (10) inserción aleta caudal; (11) y (12) inicio y término de la aleta dorsal; (13) inicio pre maxila; (14) unión sub mandibular; (15) dorso de la cabeza. C: Fotografía publicada por Mann (1954) . D: Individuo de río Isluga. E: Individuo del salar del Huasco. F: Fotografía extraída de Parenti (1984) .
We compared the body form of individuals from different localities by photographing a left lateral view with a digital camera (Nikon Coolpix 5400). We identifi ed 15 landmarks or anatomically homologous points (Fig. 1B) using the TPS.DIG2 v2.16 program (Rohlf 2010) . The coordinates of the specimens were aligned using the generalized Procrustes superimposition method. This was done for: A) the photograph published by Mann (1954) Fig. 1c; B ) individuals from two Chilean localities, Isluga river ( Fig.  1d) and Huasco salt pan (Fig. 1E) , which are the same individuals analyzed by Vila et al. (2013) ; and C) the photographs of the individuals assigned as syntypes of the species from Umayo lake and Puno bay (Titicaca lake; Fig. 1f ) in Peru and Poopo lake in Bolivia. In the analyses 47 females and two males were used (Table 1 ). Although, photographs of different sources could be not considered as replicate, in statistics sense, they are illustrative to solve the taxonomic identity of O. agassii Chilean forms. We performed a Canonical Variate Analysis (CVA) and a Principal Components Analysis (PCA) in the MORPHOJ program (Klingenberg 2011) . Then we performed a discriminant function analysis (DFA corrected for sample size) in the SYSTAT program (SYSTAT, 2004) using the 26 principal components as variables and as classifi cation groups the localities of Isluga, Huasco and Titicaca (Puno-Umayo). The Poopo locality was excluded from the DFA. The results showed that the Chilean populations assigned to O. agassii are different independent units. This agrees with the phylogenetic results obtained by Vila et al. (2013) . Also, the populations from the Titicaca watershed (Puno bay and Umayo lake) had taller bodies, larger heads and more oblique mouths than the individuals from Isluga and Huasco (Fig. 2) . The individual photographed by Mann (1954) grouped with the individuals of the Isluga, which suggests FIGURA 2 Análisis de variables canónicas (CVA) de la comparación entre localidades. Se indican las elipses de equiprobabilidad de 0.95. Bajo el eje de CV1, se muestran los diagramas de cambio máximo escalado por los valores (-12 y 4) en esa variable canónica (en negro la forma ponderada en el valor de CV1; en gris, forma promedio de todos los individuos). *Sintipos de O. agassii.
that it was collected in this locality. The results of the CVA showed that in the morphological space the individual from Poopo lake grouped with the Isluga population.
The DFA between localities showed 92% correct classifi cation. All localities showed high correct classifi cation values of their individuals, 88% in Isluga, 94% in Huasco and 100% for the Titicaca watershed (Puno and Umayo) (Wilks' lambda = 0.005 Approx. F = 10.008, df = 52, 40, p< 0.01).
Finally, the results of this study suggest that the forms of O. agassii in Chile do not match the form of the syntypes of O. agassii of Peru (Titicaca lake), however the Isluga population could be related as close to the Bolivian populations. This is also consistent with the proposal of Vila et al. (2013) , who indicated that the forms assigned to this species in Chile conform a polyphyletic group, where Isluga population is the sister group of others populations of Orestias present in the Chilean Altiplano. The taxonomic status of these entities is being evaluated by our group using morphological (linear and meristic morphometry), karyotypes (chromosome number and chromosome banding) and genetic (mitochondrial and nuclear markers) characters. 
